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(g) Coating method. 

(57) A film applying method in which a coating 
solution is applied by a solution injector having 
an edge guide onto a support member as a 
freely failing coating film, includes forming a 
solution contact surface of the edge guide to 
have one of a radius greater than 1.0 mm or a 
diameter d greater than 0.7 mm when the coat- 
ing solution has at least one of a viscosity 
greater than 45 cp and a dynamic surface ten- 
sion difference greater than 8 dyne/cm. The 
edge guide solution contacting surface is nar- 
rowed to have a radius less than 1.0 mm or a 
diameter d less than 0.7 mm when the coating 
solution has at least one of a viscosity less than 
45 cp and a dynamic surface tension difference 
less than 8. In a second embodiment, the coat- 
ing solution is prepared to have at least one of a 
viscosity greater than 45 cp and a dynamic 
surface tension difference greater than 8 
dyne/cm when the solution contacting part of 
the edge guide has either a radius r greater than 
1.0 mm or a diameter d greater than 0.7 mm. 
Alternatively, the coating solution is prepared to 
have at least one of a viscosity less than 45 cp 
and a dynamic surface tension difference less 
than 8 dyne/cm when the solution contacting 
part of the edge guide has either a radius r less 
than 1.0 mm or a diameter d less than 0.7 mm. 



FIG. 1(A) 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP 0 517 170 A1 



BACKGROUND OF THE INVENTION 

The present invention relates to a coating meth- 
od, and more particularly to a curtain-film type coating 
method which is used to apply a photographic layer 
(for example, a photosensitive silver halide emulsion 
layer) of a photographic material. 

As a curtain-film coating method of applying a 
photographic layer of a photographic material, there 
have been disclosed a method in which a guide rod 
is moved in the width direction of a freely failing cur- 
tain of coating film (see U.S. Patent No. 3,632,403), 
a method in which the width of a contact surface be- 
tween a guide rod and a freely failing curtain of coating 
film is made to correspond to the thickness of the free- 
ly falling coating film (see Japanese Patent Publica- 
tion No. Sho. 61-245862), and other methods. 

However, according to the first conventional 
method mentioned above, a problem arises in that the 
freely falling curtain of coating film cannot be stabil- 
ized, thereby causing a m neck-in" (e.g., a coating sol- 
ution leaves an edge guide at the two ends of the fall- 
ing curtain of coating film, and the falling of coating 
film results in being narrow in the width direction.) to 
occur at a position located above the lower end of an 
edge guide. 

In the second conventional method, although the 
formation a thick coating is minimized in a portions on 
the film near the two ends of the coating film, forma- 
tion of a thick coating inwardly of this portion and for- 
mation of a thick coating in the inside portion (e.g., a 
central portion) of the film in the width direction thereof 
still cannot be prevented. 

That is, in the conventional curtain-film coating 
method, due to the above-mentioned poorly coated 
portion, of the film and increased thickness of the sec- 
ond-mentioned thick coating, a wider, unevenly coat- 
ed portion is often produced at the two ends of the film 
in the film coating direction (e.g., in the film width di- 
rection) as compared to other film coating methods. 

SUMMARY OF THE INVENTION 

The present invention is directed to eliminating 
the drawbacks found in the above-mentioned film 
coating methods. Accordingly, it is an object of the in- 
vention to provide a film coating method which can 
prevent a neck-in of a coating solution from forming at 
a position above the lower end of a guide rod for a 
freely falling curtain of coating film to thereby uniform- 
ly distribute the coating film at the two ends thereof in 
the film coating direction. 

The above-mentioned object of the invention can 
be achieved by a first curtain-film coating method for 
applying a coating solution from a solution injector 
having the coating solution supported at the two side 
ends thereof by an edge guide to apply the coating 
solution onto a support member as a freely falling cur- 



tain of coating f8m, wherein the solution contacting 
surface of the edge guide is formed to have a radius 
r> 1 .0 mm or a diameter d > 0.7 mm when the coating 
solution has a viscosity \i > 45 cp and/or has a dynam- 

5 ic surface tension difference Aa > 8 dyne/cm, and the 
edge guide solution contacting surface is narrowed to 
provide a radius r< 1 .0 mm or a diameter d < 0.7 mm 
when the coating solution has a viscosity ^ < 45 cp 
and/or has a dynamic surface tension difference Act < 

w 8 dyne/cm. 

Further, according to the invention, a second cur- 
tain-film coating method is provided for applying a 
coating solution using a solution injector having an 
edge guide for supporting the coating solution at the 

15 two side ends thereof to apply the coating solution 
onto a support member as a freely falling curtain of 
coating film, wherein the coating solution has a vis- 
cosity n > 45 cp and/or has a dynamic surface tension 
difference Ac > 8 dyne/cm when the solution contact- 

20 ing part of the edge guide has r > 1.0 mm or d > 0.7 
mm, and the coating solution is prepared to have a 
viscosity n < 45 cp and/or has a dynamic surface ten- 
sion difference Aa < 8 dyne/cm when the edge guide 
solution contacting part has radius r< 1.0 mm or di- 

25 ameter d < 0.7 mm. 

According to the invention, the term "solution con- 
tacting part" refers to an element or a component of 
the edge guide, and the term "solution contacting sur- 
face" means an actual surface to be provided when 

30 the solution contacting part is in contact with the coat- 
ing solution to be applied. 

To clarify the underlying concept of the present in- 
vention, it is noted that operational principles other 
than those of the present invention can be used. For 

35 example, a method disclosed in U.S. Patent No. 
4,974,533, which is injecting a coating solution having 
a low viscosity little by little along the contacting sol- 
ution coating surface of the edge guide, is used to- 
gether with the method of the present invention, there- 
to by achieving the better effect 

Additionally, when an edge guide having a wide 
solution contacting surface with a small curvature is 
used, a similar result can be obtained similarly to that 
when the solution contacting surface is narrow. 

45 According to the invention, the term "dynam- 
ic/static surface tension difference Aa" can be ex- 
pressed by the following equation: 

Aa = a<jynamte * Static 

In other words, a static surface tension occurs in the 
so film end portions, and a dynamic surface tension oc- 
curs in the central portion of the film coating. 

Generally, the coating solution contains a surface 
active agent. When the surface active agent is attach- 
ed to and oriented on the surface of the coating solu- 
55 tion, the surface active agent reduces the surface ten- 
sion of the coating solution. In the curtain-film appli- 
cation, when the coating solution Is ejected from the 
ejector through a slit and is free from the lip of the sol- 
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ution injector, a vapor-liquid surface is produced so 
that the surface tension of the coating solution is de- 
creased as it moves downstream. This surface ten- 
sion is referred to as a "dynamic surface tension." Ad- 
ditionally, the coating solution is assumed to be sta- 
tionary on the guide bar in the film end portion in terms 
of hydrodynamics, and thus the surface tension at the 
film end portions can be assumed to have a "static 
surface tension." 

Under the above conditions, in the central portion 
of the curtain coating film a surface tension difference 
Ao is produced in the width direction of the coating 
film. 

When measuring the dynamic/static surface ten- 
sion difference (i.e. the difference between dynamic 
and static surface tensions) : 

(1 ) the static surface tension is measured accord- 
ing to a so-called plate method; and 

(2) the dynamic surface tension is measured ac- 
cording to a method disclosed in J. Fluid Mech., 
(1981), vol. 1 12, pp. 443 - 458, as well as in Jap- 
anese Patent Publication No. Hei. 2-21 6139. This 
method is performed as discussed below. 
Specifically, as shown in Fig. 3(B), a measuring 

solution 32 is allowed to fall from a solution injector 31 , 
and a coating solution film 34 is formed by an edge 
guide 33. A pin 35 can be inserted into a position H 
which is centrally located on the coating film, so that 
the coating film produces a solution turbulence having 
an angle 9. Based on the turbulence angle 9, flow 
quantity for unit width Q, and the like, the dynamic sur- 
face tension a can be found according to the following 
equation: 

c = 1/2-p-Q-U- sin2 9 
LP = U 0 2 + 2gH 
Uo = (QZpgttn)" 3 
where U is a flow rate at a point to be measured, U 0 
is an initial velocity, H is the height of the curtain, p is 
the density of the liquid, and g is the acceleration of 
gravity. 

In the invention, the measurement was conduct- 
ed with the height of the curtain H of 50mm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1(A) - 1(C) are explanatory views of first, 
second, and third embodiments, respectively, of 
a section of the leading end portion of an edge 
guide used in the invention; 
Fig. 2(A) is a front view of an embodiment of a cur- 
tain-film coating device used in the invention; 
Fig. 2(B) is a side view of the embodiment of Fig. 
2(A); and 

Figs. 3(A) and 3(B) are explanatory views of the 
principles of the invention, and more particularly 
Fig. 3(A) is a front view of a boundary layer of a 
freely falling coating film, and Fig. 3(B) Is a per- 
spective view of a method of measuring a dynam- 



ic surface tension difference of the film coating. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

5 

According to the inventors* study of the conven- 
tional curtain film coating methods, as shown in Fig. 
3(A) it has been determined that the uneven film coat- 
ing in the two end portions of the coating film in the 

w width direction thereof according to the conventional 
curtain-film coating methods is caused by the horizon- 
tal movement 36 of the coating solution in the freely 
falling coating film. 

Further, the development of a boundary layer 37 

15 caused by fluid friction in the edge guide 33 moves the 
coating solution, which is present near the coating film 
end portions, in the width direction and in the central 
direction of the coating film. Additionally, the dynam- 
ic/static surface tension difference between the stea- 

20 dy flow portions, which are respectively present in the 
adjacent and central portions of the edge guide, of the 
surface active agent contained in the coating solution 
similarly causes the coating solution to move in the 
width direction and in the central direction of the coat- 

25 ing film. Still further, if the coating solution assumes a 
concave-lens shape or a meniscus-lens shape on the 
edge guide facing toward the vapor phase, the coat- 
ing solution will be moved from the central portion to- 
ward the two end portions of the edge guide. 

30 From the above-mentioned determination, the 
horizontal movement of the coating solution can be 
restricted by balancing the development of the bound- 
ary layer, the tendency of the coating solution to move 
in the width and central directions of the coating film 

35 caused by the dynamic/static surface tension differ- 
ence, and the tendency of the coating solution to 
move toward the two end portions of the edge guide 
caused by the concave-lens or meniscus shape which 
the coating solution forms thereat, thereby preventing 

40 the coating film from having an uneven thickness near 
the two ends thereof. 

Simultaneously, the inventors' study has also 
found that when the horizontal velocity of the coating 
solution is great, a neck-in tends to form in the middle 

45 of the edge guide. Conversely, if the horizontal veloc- 
ity is decreased, then the film can be formed more 
easily. 

With respect to the boundary layer mentioned 
above, generally a coating solution has a predeter- 

so mined viscosity, and therefore when the coating sol- 
ution flow is in contact with a solid wall, the coating 
solution flow velocity is zero on the solid wall. Thus, 
near the solid wail an area is produced at which the 
coating solution has a velocity gradient, this area be- 

55 ing the boundary layer. In the curtain-film coating 
method, the coating solution is assumed to have a 
uniform velocity in most areas because ft falls freely. 
However, in the two end portions of the coating solu- 
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tion adjacent to the edge guide, a boundary layer de- 
velops, and thus a velocity gradient is produced. Ad- 
ditionally, the boundary layer increases in width as it 
moves downstream. At that time, a horizontal flow 
(e.g., a flow moving in a direction from the edge guide 
toward the central portion of the coating film) occurs. 
This can also be shown according to the Navier-Sto 
kes equation. 

INVENTIVE EXAMPLE 1 

In this embodiment, a coating solution containing 
a gelatin water solution (14.5% by weight) having a 
viscosity \i of 65 cp and containing 30 cc/f of a-sulfo- 
succinic acid 2-ethyl hexyl ester sodium (diethyl hexyi 
suifosuccinate (Na)) as a surface active agent was 
applied onto a support member 4 along an edge guide 
3 as 4 cc/(cmsec) of freely falling coating film 2 using 
a curtain-film coating device 1 as shown in Figs. 2(A) 
and 2(B). Particularly, in this embodiment, when an 
edge guide 3 having a section as shown in Fig. 1(C) 
with a radius r of 2 mm, the film thickness distribution 
of the end portions in the coating solution application 
width direction could be suitably controlled without 
producing any neck-in down to the lower end of the 
edge guide solution contacting portion having a height 
h of 140 mm, so that the coating film could be formed 
uniformly. The edge guide has a sectional figure as 
shown in Fig. 1(C) at any position. 

COMPARATIVE EXAMPLE 1 

Under the above-mentioned solution applying 
conditions, when an edge guide 3 formed as shown 
in Fig . 1 (B) with a diameter d = 0.5 mm and an opening 
angle of 45° there was produced a neck-jn at a posi- 
tion located at a height h of 23 mm down from the top 
of the solution contacting portion of the edge guide. 
The edge guide has a sectional figure as shown in Fig. 
1(B) at any position. 

INVENTIVE EXAMPLE 2 

In this embodiment, a gelatin water solution (10% 
by weight) having a viscosity n of 25 cp and, as a sur- 
face active agent, 30 cc/f of a-sulfbsuccinic acid 2- 
ethyt hexyi ester sodium (diethyl hexyl suifosuccinate 
(Na)) were mixed to prepare a coating solution. Then, 
the coating solution having a dynamic/static surface 
tension difference Ao of 3 dyne/cm was applied to a 
support member 4 as 4 cc/(cm-sec of freely falling 
coating film by using a curtain-film coating device 1. 
as shown in Figs. 2(A) and 2(B). In this coating solu- 
tion application, an edge guide similar to that used in 
Comparative Example 1 was used, and the fOm thick- 
ness distribution of the end portions in the coating sol- 
ution application width direction were suitably control- 
led without producing any neck-in down to the lower 



end of the edge guide solution contacting portion hav- 
ing a height h of 140 mm, so that the coating film could 
be formed uniformly. 

5 INVENTIVE EXAMPLE 3 

In this embodiment, a gelatin water solution (10% 
by weight) having a viscosity a = 27 cp and. as a sur- 
face active agent, 30 cc/f of polystyrene sulfonic acid 

10 sodium (dodecylbenzenesulfonic acid sodium) were 
mixed to prepare a film coating solution, and then the 
coating solution having a dynamic surface tension dif- 
ference Aa = 12 dyne/cm was applied in an amount 
of 4 cc/(cmsec) to a support member by using a cur- 

15 tain-film coating device, as shown in Figs. 2(A) and 
2(B). Particularly, in this coating solution application, 
an edge guide 3 having a shape similar to that used 
in Example 1 was used, so that the film thickness dis- 
tribution of the end portions in the coating solution ap- 

20 plication width direction could be suitably controlled 
without producing any neck-in down to the lower end 
of the edge guide solution contacting portion having 
a height h of 140 mm. Thus, the coating film can be 
formed uniformly. 

25 

COMPARATIVE EXAMPLE 2 

In this case, the same coating solution was ap- 
plied using an edge guide having a narrow contacting 
30 surface similar to that of Comparative Example 1, 
which resulted in a neck-in being produced at a pos- 
ition located 30 mm down from the top of the solution 
contacting part of the edge guide. 

35 INVENTIVE EXAMPLE 4 

in this embodiment, a gelatin water solution (14.5 
% by weight) having a viscosity \i of 67 cp and, as a 
surface active agent, 30 cc/l of polystyrene sulfonic 
40 acid sodium (dodecylbenzenesulfonic acid sodium) 
were mixed to prepare a coating solution. Then, 2 cc- 
/(cm sec) of the thus-prepared coating solution was 
applied using an edge guide shown in Fig. 1 (A) having 
a diameter d of 1 mm, while a gelatin 2% solution con- 
45 taining a watermethanol ratio of 7:3 was allowed to 
flow along the edge guide as a low-viscosity solution. 
In this embodiment, no neck-in was produced down to 
the lower end of the solution contact part of the edge 
guide having a height h of 1 00 mm, and thus the coat- 
so ing solution could be applied desirably. The edge 
guide has a sectional figure as shown in Fig. 1(A) at 
any position. 

COMPARATIVE EXAMPLE 3 

55 

In this case, under the same coating solution con- 
ditions as in Example 4, the coating solution having a 
viscosity \l of 56 cp was applied by using an edge 
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guide identical to that of Example 4 without using the 
low-viscosity solution flowing along the edge guide. In 
this case, a neck-in occurred at a position h located 
25 mm down from the top of the solution contacting 
part of the edge guide, and the thickness distribution 
of the coating film formed was poor. 

The film coating method according to the inven- 
tion can form stably a freely falling coating film and 
can reduce the variations in the film thickness distrib- 
ution of the two end portions of a film forming layer, 
thereby forming uniformly the coating film. Additional- 
ly, the quality and reliability of the coating film formed 
can be improved. 

Although the present invention has been fuily de- 
scribed by way of preferred embodiments thereof with 
reference to the accompanying drawings, various 
changes and modifications will be apparent to those 
having skill in this field. Therefore, unless otherwise 
these changes and modifications depart from the 
scope of the present invention, they should be con- 
strued as included therein. 



Claims 

1 . A curtain-film coating method for applying a coat- 
ing solution onto a support member, said method 
comprising the steps of: 

providing a solution injector having at two 
side ends thereof an edge guide for supporting 
the coating solution to apply the coating solution 
onto said support member as a freely falling cur- 
tain of coating film; and 

forming a solution contacting surface of 
said edge guide to have one of a radius r greater 
than 1.0 mm and a diameter d greater than 0.7 
mm when said coating solution has at least one 
of a viscosity greater than 45 cp and a dynam- 
ic/static surface tension difference A<x greater 
than 8 dyne/cm, 

wherein said solution contacting surface is 
narrowed to have a radius r less than 1 .0 mm and 
a diameter d less than 0.7 mm when said coating 
solution has at least one of a viscosity *i less than 
45 cp and a dynamic/static surface tension differ- 
ence Ac less than 8 dyne/cm. 



and second ends thereof an edge guide for sup- 
porting the coating solution to apply the coating 
solution onto said support member as a freely fall- 
ing curtain of coating film, said edge guide having 
5 a solution contacting part; and 

preparing said coating solution to have at 
least one of a viscosity \x greater than 45 cp and 
a dynamic/static surface tension difference Aa 
greater than 8 dyne/cm when the solution con- 
to tacti ng part of said edge guide has one of a radius 
r greater than 1 .0 mm and a diameter d greater 
than 0.7 mm, 

wherein said coating solution is prepared 
to have at least one of a viscosity p less than 45 
15 cp and a dynamic/static surface tension differ- 
ence Aa less than 8 dyne/cm when said edge 
guide solution contacting part has one of a radius 
r less than 1.0 mm and a diameter d less than 0.7 
mm. 

20 

4. The method according to claim 3, wherein said 
coating solution comprises a gelatin water solu- 
tion having a viscosity p of 25 cp and contains a 
surface active agent comprising 30 cc/l of a-sui- 

25 fosucctnic acid 2-ethyl hexyl ester sodium mixed 
to form the coating solution. 

5. The method according to claim 3, wherein said 
film coating solution comprises a gelatin water 

30 solution having a viscosity of 27 cp and contains 
30 cc/l of polystyrene sulfonic acid sodium. 

6. The method according to claim 3, wherein said 
coating solution comprises a gelatin water solu- 

35 tion having a viscosity of 67 cp and contains 30 
cc/f of polystyrene sulfonic acid sodium. 

7. The method according to claim 3, further compris- 
ing applying 2 cc/(cmsec) of the coating solution 

40 by using an edge guide having a diameter d of 1 
mm and flowing a gelatin 2% solution having a 
watermethanol ratio of 7:3 along the edge guide 
as a low-viscosity solution. 

45 



2. The method according to claim 1 , further compris- 
ing applying 2 cc/(cmsec) of the coating solution 
by using an edge guide having a diameter d of 1 so 
mm, and flowing a gelatin 2% solution containing 
a watermethanol ratio of 7:3 along the edge 
guide as a low-viscosity solution. 



3. A curtain-film coating method for applying a coat- 55 
ing solution onto a support member, said method 
comprising the steps of: 

providing a solution injector having at first 
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FIG. 1(A) FIG. KB) 



FIG. no 




6 



EP 0 517 170 A1 



FIG. 3(A) 
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